Abstract: Alopecia areata (AA) is an autoimmune disorder causing nonscarring hair loss. Alopecia totalis (AT), the severe form of AA, is usually refractory to many first-line treatments including topical and intralesional corticosteroids and topical immunotherapy. Systemic corticosteroids, ultraviolet light phototherapy, and immunosuppressants may be effective but can cause side effects and high recurrence rates after discontinuing treatment. Janus kinase inhibitors and numerous types of lasers, such as 308 nm excimer laser or light, low-level laser therapy, and fractional lasers have been explored for alternative treatment of AA over the past few years with beneficial effects. Herein, we presented a case of AT treated with the novel 1064 nm picosecond Nd:YAG laser (ps-Nd:YAG) (Cutera, Brisbane, CA, USA) under a split-scalp study. A 25-year-old woman presenting with AT for two years was treated with topical and intralesional steroid and the 1064 nm Nd-YAG picosecond laser on the right half of the scalp. The laser treatment interval was once a month. The left half of the scalp was treated with topical and intralesional steroids alone. After treatment for six times, the right half of the scalp had greater improvement than the left half of the scalp. 1064 nm picosecond Nd:YAG laser therapy may be an effective alternative adjuvant treatment for AT.
Introduction
Alopecia areata (AA) is a polygenic autoimmune disease causing nonscarring hair loss mediated through chronic hair follicle inflammation. The lifetime risk of this condition is about 2.1% of the world population [1, 2] . Although patchy AA (patchy hair loss involving <40% of the scalp) is the most common presentation, it can progress to complete loss of scalp hairs (alopecia totalis (AT)), or the entire body hairs (alopecia universalis (AU)) [1, 3] . Although spontaneous remission may occur in patchy AA within one year, patients with more extensive hair loss, including AT and AU, do not commonly experience remission and are difficult to treat [1, 4, 5] .
Traditionally, the first-line treatments for mild patchy AA include topical and intralesional steroids [6] [7] [8] , but both increase the risk of skin atrophy over the treated sites [9] . Systemic steroids are used in moderate to severe AA [10] . Arguments against the use of systemic steroids include relapses, adverse side effects, and ineffectiveness in the case of AT or AU [8, [11] [12] [13] . Topical immunotherapy with use of sensitizing agent, such as diphenylcyclopropenone (DPCP) or squaric acid dibutylester (SADBE), is the treatment option for severe AA (>50% scalp involvement) or chronic relapsing AA [8, 14] . Dermatitis, blistering, urticaria, and depigmentation are potential adverse effects [1] . Oral Janus kinase inhibitors (tofacitinib, ruxolitinib, baricitinib) are being popularly investigated as potential treatment for AA in recent years. The response rate revealed in one meta-analysis was impressive (72.4%), with mean time to initial and complete hair growth about 2.2 and 6.7 months [8, 15, 16] . Various response rates of phototherapy for treatment of AA, including narrow-band ultraviolet (UV) B [17, 18] , topical psorlaen-UVA [19, 20] , and UVA-1 [21] , have been reported. However, the long-term potential oncogenic effect on treated areas is a limiting factor of phototherapy [22] .
Due to the side effects and high relapse rates of traditional medical treatment and phototherapy, numerous types of lasers have been explored for alternative treatment of AA [4] , including the 308 nm excimer laser or light, low-level laser therapy (LLLT) or photomodulation therapy and fractional lasers. Each of these lasers/lights has different mechanisms and variable effects on hair growth.
Recently, novel picosecond duration lasers (ps-lasers) have been developed for the treatment of unwanted tattoos [23] [24] [25] [26] [27] . The picosecond pulse duration is 10 times shorter than the traditional q-switched nanosecond devices. This shorter pulse delivery creates more photomechanical shock than the nanosecond duration, with greater possibility of shattering ink or pigment, and thus requires less treatments to remove tattoos than the longer-nanosecond devices [28] . Since 2013, ps-lasers have become commercially available [23] . The most popular ones for clinical use are picosecond 755 nm alexandrite laser (ps-Alex laser) and picosecond 1064/532 nm Nd:YAG laser (ps-Nd:YAG laser).
To date, no studies have evaluated the effects of the novel 1064 nm picosecond Nd:YAG laser (ps-Nd:YAG) for the treatment of AA. The objective of this study was to evaluate the efficacy of 1064 nm ps-Nd:YAG laser on hair growth of one patient with AT.
Materials and Methods
A 25-year-old woman presented with a two-year history of alopecia totalis ( Figure 1 ). She had received treatments including topical steroid and intralesional steroid injections for many times but only scanty hair growth was noted. After obtaining an informed consent, we conducted a split-scalp therapeutic strategy. The right half of her scalp was treated with topical and intralesional steroids and the 1064 nm ps-Nd-Yag laser (Cutera, Brisbane, CA, USA) with Microlens array. The left side was treated with topical and intralesional steroids alone. The ps-laser treatment interval was once a month. A pulse energy of 1.0 J/cm 2 was used, and one to three passes per session were performed. The treatment was well tolerated with only mild erythema after treatment.
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A 25-year-old woman presented with a two-year history of alopecia totalis ( Figure 1 ). She had received treatments including topical steroid and intralesional steroid injections for many times but only scanty hair growth was noted. After obtaining an informed consent, we conducted a split-scalp therapeutic strategy. The right half of her scalp was treated with topical and intralesional steroids and the 1064 nm ps-Nd-Yag laser (Cutera, Brisbane, California, US) with Microlens array. The left side was treated with topical and intralesional steroids alone. The ps-laser treatment interval was once a month. A pulse energy of 1.0 J/cm2 was used, and one to three passes per session were performed. The treatment was well tolerated with only mild erythema after treatment. 
Results
Multiple areas of focal hair growth on the right half of the scalp were observed after laser treatment for six months. In contrast, hair growth was barely noted on the left half of the scalp except few small tufts of hair growth on the left parietal scalp (Figure 2) . We used the software (Axio Vision Rel 4.8) to estimate the total surface area and the percentage of hair growth on each side of the scalp before and after laser treatment (Figures 3 and 4) . The hair regrowth rate on the right side of the scalp was 10.35% (=10.79-0.44%). The hair regrowth rate on the left side of the scalp was 2.79% (=2.97-0.18%). The ratio of hair regrowth rate between laser-versus nonlaser-treated side was about 3.71.
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Discussion
AA occurs as a result of T-cell mediated autoimmune reaction against hair follicles. The main histopathologic feature of AA is a lymphocytic infiltrate surrounding the follicular bulbs with a peribulbar or intrabulbar "swarm of bees" pattern [4] . Affected hair follicles terminate their anagen phase prematurely and regress via the induction of massive apoptosis of the lower portion of the follicle (the catagen phase), which results in a resting hair follicle (the telogen phase) [29] . Genome-wide association studies (GWASs) have greatly facilitated our understanding of the immune pathways involved in AA. Some genes found in AA patients were related to autophagy/apoptosis, regulatory T-cells (T regs) and Janus kinase signaling [15] .
Anecdotal paradoxical hypertrichosis noted during laser epilation for hair removal has generated the interest in the use of laser to stimulate hair growth [30] [31] [32] . There is no study of the 1064 nm ps-Nd:YAG laser in inducing hair regrowth in AA. In our case report, 1064 nm ps-Nd:YAG laser provided beneficial effect for treatment of AT. The mechanism is unknown. It is proposed to be the induction of T-cell apoptosis and enhancement of hair growth. Similar to 308 nm excimer laser and LLLT reported in many studies, laser might promote hair growth by inducing T-cell apoptosis or decreasing inflammation [29] . Another possible mechanism may resemble the action of fractional laser, with a decrease in perifollicular lymphocytic infiltration through 'scattering of perifollicular lymphocytes' [29] . The 1064 nm ps-Nd:YAG laser treatment may result in a laser-induced optic breakdown, which are microinjuries, with pockets of intraepidermal necrosis, created without damage to the dermis below or ablative wound to the tissue surface. This process induces cavitation bubbles in the skin, which expand and may generate shock waves to disrupt the tissue and create a healing process that includes lymphocyte infiltrations [28] . These phenomena may scatter 
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In our study, this patient demonstrated greater hair regrowth on the laser treatment plus topical and intralesional steroid use side of the scalp compared with the side with topical and intralesional steroid use alone. It means the picosecond laser may induce a different mechanism to hair regrowth other than the anti-inflammatory effect of steroid. Besides, picosecond laser treatment may have synergistic effect with steroid use. Whether the cytokines or signaling pathways involved in modifying the immunology of the scalp is related to Janus kinase signaling is less understood and needs more investigation. Besides, there is no optimal therapeutic parameter yet, because this is the first study to investigate the picosecond laser treatment for AA. According to many previous reports which were treated by other laser modalities to AA, we modified the treatment protocols with medium energy, once a month in frequency for more than six months. Further studies need to be undertaken to determine the optimal therapeutic parameters.
Conclusions
AT, the severe form of alopecia areata, is difficult to treat and may have a large impact on patients' quality of life, causing both cosmetic and psychosocial distress. Recently, various treatment modalities, including Janus kinase inhibitors and light therapies, have shown beneficial effects on AA. Here, we reported one case with AT who received a novel treatment with 1064 nm ps-Nd:YAG laser under a split-scalp strategy with good response. In conclusion, 1064 nm ps-Nd:YAG laser may be an effective alternative adjuvant treatment for alopecia areata, but more cohort studies should be conducted to support this hypothesis in the future.
